Purpose: Mouse model experiments have demonstrated an increased Clostridium difficile infection (CDI) severity with Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) use. We aim to evaluate the impact of NSAIDs in humans after a diagnosis of CDI on primary outcomes defined as I) all-cause mortality and II) toxic mega-colon attributable to CDI. Patients and methods: All hospitalized patients with a diagnosis of CDI were divided into two groups; those with NSAIDs administered up to 10 days after onset of CDI versus no NSAIDs use. The primary outcomes were analyzed between the groups, while controlling for severity of CDI. A logistic regression analysis was performed to identify the predictors of worse outcomes. Results: NSAIDs were administered in 14% (n=80) of the 568 hospitalized visits for an average of 2.5 days after the CDI diagnosis. All-cause mortality was high in patients who did not receive NSAIDs as compared to those who did receive NSAIDs (16.6% vs 12.5%, p 0.354). Patients who were prescribed NSAIDs were more likely to have toxic mega-colon as compared to those who were not prescribed NSAIDs (2.5% vs 0.6%, p 0.094). Results were not statistically significant, even after controlling for CDI severity. Logistic regression analysis did not identify NSAIDs administration as a significant factor for all-cause mortality in CDI patients. Conclusion: This retrospective study results, contrary to mouse model, did not show association between NSAID use and CDI related mortality and toxic mega-colon. Shorter duration of NSAIDs use, younger people in study group, and timely CDI treatment may have resulted in contrasting results.
Introduction
Clostridium difficile (C. difficile) is a spore-forming gram-positive bacterium. It transmits through fecal-oral route and can be present as an asymptomatic colonization, specifically in individuals on anti-microbial therapy. 1, 2 In symptomatic patients with diarrhea, abdominal pain and/or fever, Clostridium difficile infection (CDI) is diagnosed by positive stool studies (presence of C. difficile toxins or toxigenic strain of C. difficile in stool), or the presence of typical colonoscopy findings of pseudomembranous colitis. 3 CDI is a morbid condition and its prevalence is increasing in hospitalized patients. 4 CDI rates have increased across the globe; however, the surge is most predominant in the United States. 5 The data from Emerging Infections Program (EIP) have shown that majority of the cases (67%) are health-care-associated CDI, from which 24% are acquired during hospitalization. 6 The pathogenesis of CDI entails an amalgam of intestinal microbiota dysbiosis, C. difficile colonization, and an altered immune response. 7, 8 Risk factors for CDI include prior antibiotic use, acid suppression therapy, nonsteroidal anti-inflammatory drugs (NSAIDs), age above 65 years, inflammatory bowel disease, malignancy with chemotherapy use, recent health-care exposure and non-surgical gastrointestinal procedures. 9 In 2005, Dial et al first identified "the current use of NSAIDs" as a risk factor for CDI. 10 Subsequently in 2012, the first population-based study on the association of NSAIDs, specifically for Diclofenac, and the risk of the CDI was published. 11 This added further interest, and thereafter more reports surfaced including a systemic review and meta-analysis, strengthening the link between NSAIDs and the risk of CDI. 12 In recent times, National Health and Nutrition Examination Survey (NHANES) and National Health Interview Survey (NHIS) have reported a nationwide increase in the use of NSAIDs. 13, 14 With forehand knowledge of a link between NSAIDs and increased CDI susceptibility, and demographic data revealing an increase in NSAIDs use, it is imperative to review the impact of the NSAIDs on the severity and outcomes of the CDI.
NSAIDs, specifically Indomethacin use, can alter intestinal microbiota. 15 Immune response dysregulation is a key factor linking the NSAIDs with higher incidence and severity of CDI. 16 This phenomenon is primarily through dysregulation of PG gene expression, increased intestinal inflammation and disruption of intestinal epithelial tight junctions by NSAIDS. Muñoz-Miralles et al have demonstrated the negative effect of NSAIDs on antibiotic exposed C. difficile infected mice. 17 Antibiotic-exposed mice were inoculated with two different strains of C. difficile spores, and Indomethacin was introduced on a regular basis while monitoring outcomes. The mice exposed to Indomethacin had 100% mortality as compared to the 88% survival in medication naïve C. difficile infected mice. This sets a new horizon for the evaluation of outcomes, severity, and mortality of patients with CDI receiving NSAIDs. We performed a retrospective review to analyze the impact of NSAIDs use on CDI outcomes in hospitalized patients. To our knowledge, there have been no human studies reviewing the impact of NSAIDs on severity outcomes of CDI.
Methods
Our study is retrospective with study period from January 2014 to December 2017. The study protocol was approved by the Institution Review Board (IRB) of Bronx Care Health System. Patient consent was not required by the IRB owing to retrospective nature of the study. The study was performed as per the Declaration of Helsinki.
Patient Selection
All hospitalized patients with positive C. difficile stool test were extracted from the electronic medical record (EMR) system. A positive stool study was defined as i) Positive results of stool C. difficile toxin (Toxin A or Toxin B) and Glutamate Dehydrogenase (GDH) antigen ii) Positive C. difficile nucleic acid amplification test (NAAT) in case of discrepancy of results between C. difficile toxins and GDH. All asymptomatic carriers were excluded.
The Study Group
Medical records were reviewed to identify the date of onset of illness based on presence of symptoms and positive C. difficile stool studies. The information pertaining to indication and duration of NSAIDs was extracted from medication orders in the EMR. We reviewed nursing task completion documentation to confirm administration of the medication. Patients were divided into two groups based on administration of NSAIDs up to 10 days after the onset of CDI. The outpatient prescriptions were also accounted, if stool tests were received after discharge. The primary outcomes of mortality and toxic mega-colon were analyzed between the two groups. Patients who were administered aspirin were also identified, using the same protocol.
Primary Outcomes
EMR of all the patients was reviewed and any of the two primary outcomesi) all-cause mortality and ii) development of toxic mega-colon that can be attributed to CDI were noted. Colonic dilatation (more than 6 cm) with the worsening sepsis was considered to be diagnostic for the toxic megacolon.
Baseline Characteristics, Laboratory Parameter and Treatment Regimen
Demographic characteristics, comorbid conditions, and first set of the laboratory parameters obtained after diagnosis of CDI were listed. The therapeutic antibiotic regimen used to treat the individual cases of CDI was reviewed.
Definition of Severity of CDI
The severity of the CDI was defined as per the scoring system proposed by Surawicz et al. 18 Mild-to-Moderate disease: Diarrhea with no additional features of severe or complicated disease.
Severe Disease: Serum Albumin of less than 3 g/dl plus one of the following (i) WBC of above 15,000 cells/mm 3 (ii) Abdominal tenderness Severe and Complicated Disease: Any of the following conditions attributed to CDI (i) Intensive care monitoring for CDI (ii) Hypotension with or without vasopressor use (iii) Fever of more than 38.5°C (iv) Ileus or significant abdominal distension (v) Mental status change attributed to CDI (vi) WBC of more than 35,000 cells/mm 3 or less than 200 cells/mm 3 (vii) Serum Lactate above 2.2 mmol/L (viii) End organ failure (mechanical ventilation, renal failure)
Statistical Analysis
The patient data collected were stratified across both the groups -CDI with and without NSAID use. Mean and standard deviation were used for continuous variables. Frequency and percentages were reported for categorical variables. Pearson's Chi-squared test was performed for the categorical variables and ANOVA test was used for continuous variables. A logistic regression analysis was performed to ascertain the predictors of all-cause mortality. A p-value of less than 0.05 was considered to be statistically significant. SPSS version 19 was used to perform the analysis.
Results
There were 568 hospitalized patients diagnosed with CDI during the study period. The diagnosis was predominantly made by a positive stool toxin assay. The mean age of the patients was 56.9 (±16.4) years. Study group comprised predominantly females, 53% (n=303), while males contributed to 47% (n=265) of the cases. The ethnicity of the majority of patients was Hispanic (53%), followed by African American (31%). During hospitalization, the majority of the patients had a mild-to-moderate presentation of CDI (67.4%, n=383), with severe presentation being the next most common (18.3%, n=104). Remaining 14.3% (n=81) were complicated cases of CDI. The antimicrobial management was as per the "in-effect" recommendations. In keeping with mild presentation of CDI being the most common, 61.3% (n=348) of patients were managed with Metronidazole alone and 6.7% (n=38) of patients were treated with oral Vancomycin. The rest were treated with a combination therapy of either Metronidazole along with oral Vancomycin (28.8%, n=164) or Metronidazole with dual-route (oral and rectal) Vancomycin (3.2%, n= 18). All patients with CDI were divided into two groups, based on the administration of NSAIDs. There were 80 (14%) patients who received NSAIDs after a diagnosis of CDI during the hospitalization. Injectable Ketorolac was the most frequently administered NSAID (56.25%, n=45), and 69% (n=31) received it for analgesia. NSAIDs were prescribed on an average of 2.5 (±2.2) days ( Table 1 ). The baseline characteristics of both the groups were comparable ( Table 2) , except for the age, presence of hypertension and the renal function tests. The patients in the NSAIDs group were younger (52 years vs 58 years, p 0.003), the majority were hypertensive (81% vs 70%, p 0.043) and had a preserved serum creatinine (1.6 mg/dL vs 2.9 mg/dL, p <0.001) as compared to those who were not given NSAIDs. Most of the NSAIDs (71%, n=57) were prescribed in patients with a mild to moderate presentation of CDI. The distribution of CDI severity in both the groups was similar and statistically not significant (p 0.661) ( Table 3) .
Overall, there were 5 patients (1%) that had toxic megacolon and 91 patients (16%) had mortality during hospitalization including all causes ( Table 4 ). The mean length of the stay (LOS) was 5.8 (±13.8) days. Paradoxically, mortality was higher in patients who did not receive NSAIDs (16.6%, n=81) as compared to those who did (12.5%, n=10); however, it was not statistically significant with a p-value of 0.354. The 
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patients who were prescribed NSAIDs were more likely to develop toxic mega-colon as compared to those who did not receive NSAIDs (2.5% vs 0.6%, p 0.094). There was a 20% (1 out of 5) mortality in patients who developed toxic megacolon. There was no evidence of opioid administration in these patients prior to CDI. Majority (45%, n=41) of the patients with CDI who died, had severe complicated disease ( Table 5 ). The severity of CDI was a significant predictor of mortality. We did analyze the mortality in both groups after controlling for severity of CDI and found no significant difference in mortality. The administration of NSAIDs did not influence mortality outcomes in patients with mild to moderate severity of CDI.
We also reviewed the need for colectomy for fulminant CDI. Two patients underwent surgery after the diagnosis of CDI. One underwent emergent surgery for bowel obstruction secondary to a colon mass and the second required emergent surgery for bowel perforation after attempted pericardiocentesis. In both cases, surgery could not be attributed to CDI. None of these patients received NSAIDs and did not account towards mortality.
Comparison of CDI severity and outcomes among patients based on exposure to Aspirin after the CDI diagnosis as shown in Table 6 did not reveal any difference between the two groups. Logistic regression analysis did not identify NSAIDs administration as a significant factor for all-cause mortality in CDI patients (Table 7 ).
Discussion
NSAIDs are frequently utilized for their anti-inflammatory, analgesic or anti-pyretic properties. Acetaminophen is the most frequently used anti-pyretic and its mechanism of action is different from NSAIDs 17 ; however, NSAIDs are still utilized in refractory cases. Opioids are associated with an increased risk of acquiring CDI 19 and worsening the disease outcome, 20 hence providers might prefer NSAIDs for analgesia in patients with CDI. NSAIDs have an added anti-inflammatory action as well.
NSAIDs, via mechanism of intestinal microbiota dysbiosis and inflammatory dysregulation, have an increased risk of CDI. The pre-infection dysbiosis increases susceptibility to CDI, whereas the inflammatory dysregulation exacerbates severity of CDI. As supported by a population-based study, NSAIDs exposure has shown to increase the susceptibility of CDI. 11 Our study depicted a difference in mortality between the groups who received NSAIDs versus those who did not. Those receiving NSAIDs accounted for a lower mortality, though not statistically significant. These results are contradictory to the laboratory mouse model studies, which revealed a statistically significant increase in mortality. We agree with the underlying pathophysiology of the mouse model study, demonstrating an increase in mortality in antibiotic exposed, treatment deprived murine with persistent use of NSAIDs. However, the strict "causal-effect" demonstrated by the mouse model may differ considerably in humans. There are several possible theories explained below that can explain why our study results were not consistent with the results of the mouse model investigation.
NSAIDs are commonly used medications and account for 12% of all ambulatory prescriptions. Over a period of 5 years (2005 to 2010), a 40% increase in NSAIDs use was reported. 14 Four percent to 14% of hospitalized patients across various clinical settings and geographical locations are prescribed NSAIDs. 21, 22 NSAIDs contribute to 11% of adverse drug events during hospitalization. 23 Though not reported, we expect a difference in prescribing patterns of NSAIDs, in terms of dosage, duration and indication in the in-hospital versus ambulatory setting. The minimum duration of NSAID exposure required to cause inflammatory dysregulation is not clear. As reported in our study, NSAIDs were prescribed in 14% of the patients and the duration was limited to an average of 2.5 days.
NSAIDs are generally prescribed more commonly in the elderly. Age above 70 years is considered to be one of the risk factors for severe CDI. 24 On the contrary in our study, patients who received NSAIDs were younger than those who did not (52 years versus 58 years). The age difference could be one of the reasons for higher mortality in the group that did not receive NSAIDs.
Renal insufficiency is an important predictor of the need for the colectomy and mortality outcome for patient with CDI. 25 Patient with elevated altered renal function are often not a good candidate for the NSAIDs therapy. In our study patients with high serum creatinine are less likely to have NSAIDs administration and that can bias the endpoint of the mortality outcome. This is a limitation to the study and by but excluding such patients with elevated serum creatinine, the study will lose its comprehensive inclusion of all the patients.
To understand the differences between results in our study and mouse model study by Munoz et al, 17 we further reviewed their findings. The clinical outcomes of weight loss and survival were studied among three different groupsa) mice exposed to CDI only, b) mice exposed to Indomethacin only and c) mice exposed to both CDI and Indomethacin. Study was conducted at two different sites with one utilizing low dose and other with higher dose of Indomethacin. The clinical outcome of decreased weight was more pronounced after 4 days of high dose Indomethacin use. In our study, NSAIDs were used for an average of 2.5 days, and there was no significant difference in duration of NSAIDs used between the group. It is possible that owing to short duration of NSAIDs use, immune dysregulation may not have had time to impact the primary outcomes in our study.
The mouse model study by Munoz et al 17 did not depict cytotoxicity in colonic mucosa. Colonic cytotoxic titers and spores of C. difficile in the cecum were assessed and were found to be similar in CDI groups with and without Indomethacin. They concluded that there was no effect of Indomethacin on C. difficile colonization or cytotoxicity of colon cells; however, there was exacerbation of severe manifestations in CDI mice receiving Indomethacin. In our study, we also noticed similar results with 2.5% of patients who were administered NSAIDs subsequently developed toxic-megacolon, as opposed to 0.6% in those without NSAIDs exposure. Due to a small sample size of patients affected by toxic mega-colon (five patients), this difference did not achieve statistical significance. There was no prior opioid exposure in these patients. Toxic megacolon is a clinical marker of severe colonic inflammation that is seen more commonly in infections with a virulent strain or with the concomitant use of NSAIDs. Our data is limited by unavailability of C. difficile strain typing, and in view of the small proportion of patients with toxic megacolon, it did not affect the overall mortality.
The severity of CDI predicts the mortality. 26 In our study as well, 45% of the mortality in the CDI was from complicated clinical manifestations. However, majority of our patients had mild to moderate disease, with majority of NSAIDs administered in the same group accordingly. To overcome the bias of severity of illness, we correlated mortality to NSAIDs administration after controlling for severity of illness (Table 5 ). NSAIDs use was not a predictor of mortality in patients with mild to moderate, severe or the complicated CDI.
NSAIDs use has been reported to exacerbate the severity of soft tissue infections. 27 Clinicians have identified NSAIDs as a risk factor for worse clinical outcomes in pulmonary and tonsillar infections. 28, 29 The negative effect of the NSAIDs on pneumonia can be from delayed antimicrobial therapy or immune dysregulation. 28 It has also been reported that administration of NSAIDs increases septic complications without exacerbating the severity of sepsis. 30 Contradictory to these findings, Eisen opined that NSAIDs have a beneficial effect on sepsis due to inhibition of neutrophilic factor (NF)-kB, especially in conjunction with aspirin. 31 The antibacterial activity of NSAIDs by unknown mechanism is evident in the literature. 32 NSAIDs have also shown a synergistic antimicrobial effect on drug-resistant organisms. 33 In patients with mild urinary tract bacterial infections, NSAIDs have proven to decrease the use of antibiotics, though increasing the complications in patients with severe disease. 34 Hence, there is no definitive consensus on the effect of NSAIDs on antibacterial or anti-inflammatory activity in patients with bacterial sepsis, an argument that supports the contrasting results of our study when compared to the mouse model testing.
Aspirin exposure is not linked to increased rates of C. difficile, 10 however, there is some evidence that shows decrease in incidence of CDI. 35 In our study, there was no statistically significant difference in the primary outcome of mortality or the development of toxic mega-colon between the two groups based on Aspirin exposure ( Table 6 ). There were only three patients who were on synchronous use of aspirin and NSAIDs. The sample size was too small to learn about its impact on the primary outcome of the CDI.
Prevention of CDI remains the mainstay intervention to decrease CDI related mortality. 36 The suspicion of C. difficile should incite prompt initiation of treatment while awaiting laboratory confirmation. 18 The severity of illness guided antibiotic regimen has shown to improve mortality. Oral Vancomycin and Metronidazole are the first-line therapy. Early treatment in the patient with CDI, especially nosocomial infections, has shown mortality benefit. 37 Chen et al demonstrated mortality benefit of oral Vancomycin in C. difficile inoculated mice. 38 Murine models, as studied by Munoz et al, were not exposed to any CDI focused antimicrobial regimen. The majority of the patients in our retrospective review were treated with CDI targeted antibiotics prior to the diagnosis, based on pre-treatment evaluation. This CDI directed management could impact mortality outcomes in such patients.
In our study, possibly due to shorter duration of NSAIDs use, timely implementation of CDI treatment, poor understanding of precise pathogenesis of dysregulation of inflammation caused by NSAIDs, and small sample size of our study population, we were not able to link NSAIDs use to CDI related mortality in hospitalized patients. Our study proved to be a clinical paradox to outcomes revealed in the mouse model experiments.
Conclusion
This retrospective study results, contrary to mouse model study, did not show any association between NSAID use and CDI outcomes of mortality and toxic mega-colon. It is possible that contrasting results in our study resulted due to shorter duration of NSAIDs use, younger people in study group, and more importantly timely administration of CDI treatment. Nevertheless, further studies are needed to validate our findings.
